Summary: Employing immunohistochemical techniques with OsO4 single fixation, we identified mouse pituitary thyrotropes (TSH cells). The cells stained with TSH antiserum are angular or slender with a small nucleus. These cells contain small secretory granules (about 120-200 nm in diameter) and numbers of cored vesicles, either attached to the cell membranes or lying free in a relatively electron transparent cytoplasm. In the untreated male mouse, the TSH cell modifies its morphology according to the functional phase. The first form of TSH cells [Type I] is small. The endoplasmic reticulum and the Golgi apparatus are not prominent, and secretory granules are very few. In the second hypertrophied form [Type II], the endoplasmic reticulum is very prominent and occurs as a series of grossly dilated sacs of irregular shape. The Golgi apparatus is greatly enlarged and a large number of electron-dense secretory granules and cored vesicles are observed. Type II thyrotropes are rarely encountered in normal tissue.
Early morphological studies identified adenohypophysial cells using experimental morphological methods, such as extirpation of target organs of the adenohypophysial hormones, with light and electron microscopy (Farquhar and Rinehart, 1954; Barnes, 1963; Siperstein and Allison, 1965; Siperstein and Miller, 1970; Kurosumi, 1968) . However, some cytologists suggested that functional differentiation based only on morphological criteria was not always possible. Subsequently, immunocytological techniques have been employed in the identification of adenohypophysial cells in different animals: the rat (Nakane, 1970; Moriarty and Halmi, 1972; Moriarty 1975; 1976; Kawarai; 1980; Yoshimura et al., 1981; 1982; Nogami and Yoshimura, 1982; Kurosumi et al., 1986) , cow (Dachex and Dubois, 1976) , guinea-pig (Beauvillain et al., 1977) , sheep (Parry et al., 1978) , pig (Dacheux, 1978; 1980; Batten and Hopkins, 1978) and man (Phifer et al., 1973; Moriarty and Tobin, 1976; Pelletier et al., 1976) .
On the other hand, mouse adenohypophysial cells ere classified into five types: somatotropes, lactot ropes, thyrotropes, follicle-stimulating hormone (FSH) cells and luteini/ing hormone (LH) cells, based on conventional electron microscopy of pituitary glands fi\cc.1 in Os( ) I alone (Barnes, 1963) . Howc\ ci , these cells have 11C\ci been identified by immunollisiocliemiscry. R ('('('11t I\ , \VC sIlldiCCi the 111011SC 1(.1C11011^1)01)11sial CCEls which produce and store simple protein hormones: growth hormone, prolactin and adrenocorticotropic hormone, using immunohistochemical techniques with 0504 single fixation (Iwama and Sasaki, 1989) . In this report, we describe the ultrastructural features of the mouse thyrotropes (TSH cells) as identified with the same techniques.
Materials and Methods
Adult male mice of the SMA strain were kept under conditions of controlled temperature (24°C) and lighting (light period, 06:00-20:00 h). Food and water were freely available. They were killed by decapitation under anesthesia. To fix the adenohypophysis in a good condition, the glands were carefully excised from the base of the skull and cut in the midsagittal plane. Each hemipituitary gland was diced into 6 pieces (Sasaki, 1974) , and these \\ ere fixed in 0s04 for 1 h at 4°C . The blocks were dehydrated in a graded series of ethanol solutions and ernbecided in Epon for 5 days at 60°C. Two adjacent sections, i.e. ultrathin (0.05 'Lm) and semithin (0.5 (11.1) sections, were prepared from these blocks on an ultraniicrotonic for electron and light microscop^ respectiN ely. [he ultrathin section \\ as placed on a :2(X)-inch nickel grid, stained with uranvl acetate :Ina lead solutions, and vie\\ ed under an 100S\ Y. Iwama and K. Hasegawa electron microscope (JEOL, Ltd., Tokyo , Japan). The semithin section was mounted on a glass microscope slide, the Epon was removed with potassium ethoxide (C2H5OK) for 20 min at room temperature, and the section was immersed in 4°7o H202 solution for osmium removal. This semithin section was treated with anti-rat TSH rabbit serum (1:2,500) overnight and washed in PBS. It was then incubated with peroxidaselabeled goat Fab anti-rabbit IgG (MBL, Nagoya, Japan) (1:45) for 1 h and washed in PBS. The treated section was incubated with 0.02% 3,3 ' -diaminobenzidine tetrahydrochloride solution containing 0.0053/4 H202 for about 30 min and observed under a Nomarski differential interference-contrast microscope (Olympus, Optimal Co., Ltd., Tokyo, Japan). Light micrographs from semithin sections stained by antibody to TSH, were taken from the same sites as the electron micrographs.
These adjacent electron and light micrographs were compared with each other. Thyrotropes (TSH cells) were identified irnmunohistochemically.
The specificity of the immunohistochemistry was tested by control staining or absorption tests.
Results
The TSH-immunoreactive cells (thyrotropes) in the pituitary glands of the adult male mice formed angular or slender cells with a small nucleus (Figs. 1, 2, 3 and 4). These cells were sparsely scattered or clustered in the glands. Small secretory granules (about 120-200 nm in diameter) and numbers of cored vesicles were present, either attached to the cell membranes or lying free in a relatively electron transparent cytoplasm. TSH cells occurred in two morphological forms. The first form of TSH cells [Type I] was small, and the endoplasmic reticulum and Golgi apparatus were not prominent (Figs. 1 and 2). The secretory granules were very few and the mitochondria were small and rod-shaped with an electron dense matrix. In the second hypertrophied form [Type II], the endoplasmic reticulum was very prominent and occurred as a series of grossly dilated sacs of irregular shape (Figs. 3 and 4) . Within the cisternae of the endoplasmic reticulum, electron transparent amorphous material was observed. The Golgi apparatus was greatly enlarged and contained abundant electron-dense granular material. The cytoplasm of this second form contained a large number of electron-dense secretory granules and cored vesicles, the cores of which were larger and more densely than those of the first form. The Type II thyrotropes were medium in size and were relatively infrequently encountered in sections of normal pituitary gland.
Discussion
Although many studies have been carried out on rat thyrotropes (TSH cells) by immunohistochemistry (Nakane, 1970; Moriarty, 1976; Moriarty and Tobin, 1976; Tougard et al., 1980; Yoshimura et al., 1982) , there is no consensus about their shape and fine structure. Thyrotropes, as demonstrated by Nakane (1970), had a polygonal to stellate shape and contained secretory granules measuring about 150-200 nm in diameter. These granules with or without central cores were situated near the plasma membrane. Since some thyrotropes strongly resembled corticotropes, Nakane concluded that thyrotropes and corticotropes might not be distinguished without the aid of immunohistochemistry.
Moriarty (1976) and Moriarty and Tobin (1976) reported that TSH cells were ovoid or angular to stellate and contained granules ranging in size from 60 to 175 nm. In addition, TSH cells, as identified by Tougard and his co-workers (1980), had a polygonal or stellate shape and contained small secretory granules (100-150 nm in diameter). According to Yoshimura and his coworkers (1982), the majority of TSH cells took the form of large stellate cells filled with secretory granules (150-250 nm in diameter). Since these morphological features were consistent with those of LH cells, it was difficult to distinugish precisely between thyrotropes and gonadotropes merely from their fine-structural properties without the aid of immunohistochemistry.
The present study on the mouse pituitary revealed that the Type I thyrotropes resemble the corticotropes described previously (Iwama and Sasaki, 1989) . Both cell types are angulated and small. However, the cytoplasm of the thyrotropes is larger than that of the corticotropes, and the cored vesicles observed in the thyrotropes are not found in the corticotropes in the mouse pituitary fixed with 0504 alone. Moreover, the secretory granules in the Type I thyrotropes are small (120-200 nm in diameter), but those in the corticotropes are never small (200-300 nm). Mouse thyrotropes and gonadotropes may be easily distinguished, since the latter consist of large rounded or oval cells and are more heavily granulated than Type I thyrotropes (Iwama and Sasaki, 1988) . Type I thyrotropes slightly resemble Barnes "TSH cells", which are known to form polygonal cells with a small nucleus and to contain sparse secretory granules (50-100 nm) scattered throughout an electron transparent cytoplasm (Barnes, 1963) .
On the other hand, Type II thyroti ope,, contain a large number of secretory granules (1?() 2_00 mu), cored vesicles and well doieloped h endoplasmic retioiluni (,,,h,1 ,11)1),o,lin') pwtiwhir thc cnclopla,,n-tic rent:1111mi occt11,, ,) of grossly dilated sacs of irregular shape. 
